The cognitive act of shifting attention from one place in the visual field to another can be accomplished covertly without muscular changes. The act can be viewed in terms of three internal mental operations: disengagement of attention from its current focus, moving attention to the target, and engagement of the target. Our results show that damage to the parietal lobe produces a deficit in the disengage operation when the target is contralateral to the lesion. Effects may also be found on engagement with the target. The effects of brain injury on disengagement of attention seem to be unique to the parietal lobe and do not appear to occur with our frontal, midbrain, and temporal control series. These results confirm the close connection between parietal lobes and selective attention suggested by single cell recording. They indicate more specifically the role that parietal function has on attention and suggest one mechanism of the effects of parietal lesions reported in clinical neurology.
to the lesion. On the other hand, when the patient is fixated but receives no conflicting stimulation, the patient may be able to detect events contralateral to the lesion with little problem.
Both the monkey and patient studies suggest that parietal cells are closely involved in attention in some way. However, they have not provided us a detailed account of exactly how these areas of the brain control visual attention. Indeed, Wurtz et al. (1980) have argued that, although the activity of these cells seems related to visual attention in some way, it is not possible to determine whether they are actually part of the neural systems for visual attention or simply correlated with it.
In the area of cognitive psychology, studies of attention emphasize the sequence of internal operations involved in the act of attending (Broadbent, 1982; Posner et al., 1982) . While we usually use head and eye movements to orient toward a visual stimulus, it is quite possible to show that attention can be oriented toward a location in the visual field entirely covertly. While foveation improves the efficiency of processing visual events in terms of increased acuity, directing attention covertly to a visual location improves the speed and reduces the threshold for processing events that occur there. One method to study these changes in efficiency is to present a cue which informs the person about where a later target will occur. The cue may be an arrow or word introduced at fixation that informs the person where the target is most likely to occur (Posner, 1980) , or it may be a sensory change that occurs near the place where the target will be introduced which draws attention to that location (Posner and Cohen, 1984) . Both cuing methods make it possible to compare the speed and accuracy of dealing with targets at both cued and uncued locations. These studies indicate facilitation of processing efficiency at the cued location in comparison to other locations of similar eccentricity. Careful monitoring of eye movements and other peripheral adjustments ensures that this facilitation occurs covertly and not by any overt change. The time course of facilitation can be studied by introducing the target at varying intervals following the cue. Speed of processing at the cued location improves more rapidly than at other locations during the first 50 to 150 msec after the cue.
It is also possible to distinguish more finely the mental operations involved in target detection. One can consider the act of orienting attention toward the target in terms of three more elementary mental operations: disengaging from the current focus of attention, moving attention to the location of the target, and engaging the target. Consider a person facing a blank visual display. If a cue is given to expect a target at some location and sufficient time is also given to orient attention there, then the only remaining operation required when the target appears is to engage it. If the person facing the blank screen is given no cue, when the target arrives attention must be moved to the target location, and then the target can be engaged. Finally, if a cue is first given and a target subsequently appears at a location other than the cued one, the person must first disengage attention from the cued location, move it to the target location, and engage the target. Each of these operations has been studied in separate cognitive experiments (LaBerge, 1974; Shulman et al., 1979) . While such studies have documented the existence of time-dependent component stages in shifting attention, they have not explored them within a single paradigm and have not provided any real hint as to the underlying neural machinery involved.
In order to attack this question, we (Posner et al., 1982) have reported on studies of patients suffering from progressive supranuclear palsy (PSP), a disease that involves degeneration of the midbrain structures responsible for control of the saccadic eye movements. We found that subjects unable to move their eyes in certain directions (usually vertical) are able to move attention in these directions, although they are slow in so doing. The delay for both cued and uncued targets indicated a slowing of the attention movement operation. In the same paper we reported preliminary results from two parietal patients. We found that a peripheral cue that summoned attention to the side of the lesion (the nonneglected field) produced a massive interference in the time to report targets contralateral to the lesion. The advantage of the cued over the uncued side for contralateral targets appeared to be earlier and larger than for ipsilateral targets or for normals. This result was quite different than in the PSP patients, who showed a delay in taking advantage of the cue for the most damaged directions, and suggested that the parietal injury might have affected specifically the ability of the patient to disengage from an ipsilateral cue. In the current paper we report the results of studies of 13 parietal patients which are designed to confirm the effect of parietal injury on covert orienting and to locate the particular components of the task that are most impaired by the injury and, thus, the aspects of covert orienting that depend upon intact parietal functioning.
Materials and Methods
The basic experimental method is the same in all of the experiments. Basically, it is a reaction time task in which subjects are asked to detect a bright asterisk (target) at one of two positions in the visual field. Prior to the target, cues are introduced that direct the subject's attention either to the location of the target or to some other location. We measure the reaction time to the target as a function of the location of the cue and of the time between cue and target. In some experiments the target usually occurs on the side of the cue, whereas in other experiments the target occurs equally often on the cued side and on the noncued side.
In all experiments the subject faces a cathode ray tube in which visual cues and targets are presented. The task is to press a single key as quickly as possible with the index finger of the hand ipsilateral to the lesion whenever a bright target asterisk is presented. A video camera is used to watch the patients' eyes during the experiment. The patients are instructed to keep their eyes fixed on the center of the screen at which is present an outline box of about 0.5" size.
Trials. Each trial begins with a cue event which is the brightening of one of the two peripheral boxes located about So3 to the left or right of the fixation box.4 The brightening lasts 300 msec. At varying intervals of 0, 150, 550, or 1000 msec after onset of the cue, the target is presented in one of the two peripheral boxes. The target remained present until a response was made or for a maximum of 5 sec. The time lines for events in the basic experiment are shown in Figure 1 .
In the basic experiments the target occurred on the side of the cue on four-fifths of the trials (valid) and on the side opposite the cue on one-fifth of the trials (invalid).
Two subjects (R. S. and R. E.) were run in a slightly different version of the experiment in which the onset of the peripheral box rather than merely brightening it was used as the cue. For these two patients the target was present in the field for 1000 msec and then went off. Five seconds were allowed for a motor response, and there were 1000 msec between trials.5
For six patients the standard paradigm was augmented by neutral trials which occurred on one-fifth of the total trials. In these trials the central box brightened as the cue. For neutral trials, targets were equally likely to occur in either of the two peripheral boxes.
Three patients were run using a central arrow cue rather than a peripheral cue. The central arrow was introduced at the start of each trial in the central box. The arrow was approximately 0.25" in size and pointed left or right. The target was presented on the side indicated by the arrow on four-fifths of the trials and on the side opposite the arrow on one-fifth of the trials.
Procedure. Each patient was run in one or more sessions of approximately 200 trials each. The total number of trials collected from each person and the number of sessions were dictated by their general condition, energy level, and considerations of other forms of therapy to which they were committed. All of the patients reported formally in this paper had at least 10 reaction times in each condition reported.
Patients. Thirteen patients with acquired lesions of the parietal lobes were recruited from the inpatient and outpatient neurology services of Good Samaritan Hospital and Medical Center. Referrals were solicited on the basis of the anatomical location of the lesion rather than the presence of clinical neglect; however, it is likely that our sample was biased toward patients with signs of neglect. In six patients the parietal lesion was in the right hemisphere, and in seven patients it was in the left hemisphere. One of the right parietal patients, R. E., had a smaller left parietal lesion from radiation necrosis; while one of the left hemisphere patients (L. M.) had a small, older infarction of the right parietal lobe from which she had recovered. Table I describes the clinical features of the 13 parietal patients who constitute the main subject of this investigation. The table indicates whether clinical signs of neglect were present and rates the severity on a five-5 Actually, eight patients were run in this procedure. However, only three of them had a sufficient number of invalid trials for analysis. These are patients C. W., R. S., and R. E. Patient C. W. was also run in the later version of the experiment and provided comparable data. The early version with l-set exposure duration was marked by many more trials on which there was no response to the target when it was invalid and on the contralateral side. This is discussed in detail later in the paper. Severe-dense neglect with tonic head and/or eye deviation. There were no patients included in the study who had neglect classified as severe. All patients gave their consent to participate in the experiments.
Neurological controls. Neurological controls included three patients with lesions of the frontal lobes (two right hemisphere and one left), and four patients who had undergone temporal lobectomies for epileptic seizures.
Scans. Of the 13 patients constituting this study, CT scans were available for 12. These scans were used to confirm the presence of the reported lesion and to provide evidence on the anatomical location of the phenomena we report. Since there was no evidence of neglect in the control patients, no effort is made to present detailed anatomical data on them.
Quantification of scans. After examination of the scans, we decided to present the results mainly in quantitative form. In analyzing CT scans, each section was projected onto corresponding plates constructed from both the photographic atlas of DeArmond et al. (1976) and the diagrams of Gado, et al. (1979) . These two sources, in combination, provide for sufficiently detailed correspondence between CT scans and gross brain structures, so that boundaries between areas such as frontal, parietal, occipital, and temporal lobes can be made with certainty. Each section of these plates represents a view about 8 mm from the adjacent views. Although the actual scans from a patient may not correspond precisely to these plates, each CT section can be matched to the most appropriate plate. For each section, the area of lesion was drawn onto the corresponding plate, with particular attention to the boundaries of the lesion. In two cases, W. K. and W. W., adjustments were necessary because the head was tilted from the usual angle of CT scan. After each plate was drawn, three scores were computed for the affected hemisphere:
(1) the total two-dimensional area involved in the lesion, as a percentage of the total area at that level of section; (2) the total amount of parietal lobe tissue involved in the lesion, as a percentage of total parietal lobe area at that level; and (3) the distance, in millimeters, from the posterior edge of cortex to the posterior edge of the lesion. To compute the total lesion size, the values for each section were added together and calculated as a percentage of total area covered by the plates. From these values we derived a score for total lesion size, total amount of parietal lesion size, subdivided into superior and inferior parietal areas, and posteriority, derived from the most posterior part of the lesion (see Table II ). If a plate could not be reconstructed due to the absence of an appropriate CT scan section, the values for that plate were estimated by averaging the two adjacent sections. These calculations, based on two-dimensional reconstructions, have the drawback of failing to represent adequately the threedimensional characteristics of the lesion, but they offer the best estimate of the lesion as judged from the available CT scan data. method of leaving the target present until a response. Thus, quite a number of trials were eliminated from patients R. E. and R. S., who were run under the limited exposure conditions, but their remaining data were similar to the other 11 subjects of Table III. The data of Table III are shown graphically for the six patients with right-sided lesions in Figure 2 and for the seven patients with left-sided lesions in Figure 3 . The data of Table III were subjected to a repeated measures analysis of variance with lesion site (left versus right), validity (cued side versus uncued side), target side (contra-versus ipsi-), and interval as the independent variables. Lesion site was a between-subjects factor, whereas the other factors were manipulated within subjects. All of the main effects of the variables proved to be significant beyond the 0.01 level. The only significant interaction was between target side and validity conditions (F(l,ll) = 7.4, p < 0.02). The interaction of target side with interval also approached but did not reach significance (F(3,33) = 2.59, p < 0.07).
The statistical analysis confirms the most obvious findings available from inspection of figures 2 and 3. The left-sided lesion group produced faster reaction times than did the right-sided group. Much of this effect appears to be due to the very long times that occur when the target is contralateral to the lesion while the cue is ipsilateral (invalid). The effect of ipsilateral cues in slowing responses to contralateral targets is similar to what is called extinction in the neurological literature (Weinstein and Friedland, 1977) . It is the cause of the significant interaction between target side and validity, and, while it occurs for both right and left patients, it is considerably larger on the average for right-sided patients. Moreover, this extinction-like reaction time pattern is strongest at the shortest intervals between cue and target. However, the three-way interaction between target side, validity, and interval does not reach statistical significance (F(3,33) = 1.98, p < 0.13). The main effect of target side is also important. For valid trials, there is a modest advantage of targets on the side ipsilateral to the lesion. This advantage is present in 11 of the 13 subjects whose data are shown in Table   Results Peripheral cues. The basic results of the major experiment are summarized in Table III . The median reaction time in each condition was calculated for each subject. To obtain these data, all reaction times less than 100 msec and more than 2500 msec were eliminated from consideration.
Except for the two subjects who were run with target durations of 1000 msec, this resulted in the elimination of only a few trials. For the patients run with the 1000 msec exposure, misses (e.g., reaction times of 5000 msec) were quite frequent at the 50-and 150-msec durations.
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There is a significant advantage for valid trials overall. For right hemisphere patients, the cued side advantage III. Two subjects show no difference between contralatera1 and ipsilateral targets when they have been cued as to correct position. Even for those subjects who show an advantage to the ipsilateral side on valid trials, this tends to be quite small in comparison to effects found on invalid trials. Another important effect is the fact that Vol. 4, No. 7, July 1984 for ipsilateral targets seems to occur only after i50 msec, while for left patients it is present at the earliest interval. Normals usually show a validity effect by 50 msec that increases over the first 150 msec following the cue (Posner and Cohen, 1984) . This effect for ipsilateral targets contrasts markedly with the huge validity effects for contralateral targets found particularly for the rightsided lesions which we are calling the extinction-like reaction time pattern. Arrow cues. According to our view, the difference between valid and invalid trials is due to covert orienting of attention in the direction of the cue. Three alternative interpretations are also possible. The first is that the peripheral cue may have its influence by a purely sensory mechanism. The second is that some overt shift such as eye movements may mediate the effect. The third is that facilitation might be due solely to the fact that the target is more likely to be on the cued than the uncued side. All of these issues have been investigated in normal subjects. The first is countered by showing that a central arrow pointing to left or right, like a peripheral cue, has a facilitatory effect (Posner, 1980) , the second by careful monitoring of eye position (Posner et al., 1977) , and the third by showing that peripheral cues are effective even when they provide no information about the likelihood that the target will occur at the cued position (Posner and Cohen, 1984) . In this and the next section ("Neutral Cues"), we seek to show that the effects in patients are also due to covert attention shifts.
Three patients were run in blocks with central arrow cues which were valid (i.e., target on cued side) 80% of the time. The method was described under "Materials and Methods." Table IV summarizes the median reaction times in each condition for the blocks with central cues for these three patients and the results for peripheral cues with the same three patients. The data of Table IV are shown graphically in Figure 4 . An analysis of variance over the data of Table IV indicates significant main effects of validity condition (F(1,2) = 23.9, p < 0.04) with valid trials faster than invalid and of validity condition x target side (F(1,2) = 17.7,~ < 0.05) indicating that invalid trials are especially long when they are contralateral to the lesion (the extinction-like reaction time pattern). Finally, there is also a significant interaction of cue (central versus peripheral) and validity (F(1,2) action is apparently due to the long reaction times found on valid trials with a central arrow cue when the target is on the side contralateral to the lesion (solid squares in Fig. 4 ). The lengthening of reaction times is particularly marked at the short cue to target interval and appears to indicate that subjects have trouble shifting attention from the central arrow when it points in the contralateral direction. Even though the arrow is telling subjects where to attend, when this is to the side opposite the lesion they are so slow in executing the instruction that at 50 msec their reaction times are almost as long as when the arrow is in the wrong direction (Fig. 4, dotted line, open squares). These results show that the basic facilitation pattern and the extinction-like reaction time pattern found with the peripheral cue also extend to a central arrow cue. Thus, the facilitation effect cannot be entirely sensory in origin. Moreover, it indicates that parietal damage affects shifts of attention even when the cue is not at the target location. This last finding is interesting since eye movements made as part of a search plan or to nonvisual events are sometimes thought to be controlled by more anterior systems (frontal eyefields), while reflexive eye movements to visual input are controlled from more posterior or midbrain systems. Irrespective of the case for eye movements, it appears clear that parietal lesions affect both of these types of covert attention shifts. Neutral cues. Both central arrow and peripheral cues provide the patient with information about where the target is most likely to occur. This information may be used either to shift the eyes (overt attention) or might affect reaction time performance directly by some motor adjustment that does not involve an attention system. In normal subjects we carefully monitored eye movements to ensure that only trials with no eye movements were included (Posner et al., 1977) . This is easy to do in normals because with luminance detection tasks subjects spontaneously supress eye movements after a few trials even if they are allowed to make them, since eye movements actually slow down overall reaction time (Posner et al., 1977) . However, it was much harder to achieve this level of control in patients. There is much spontaneous eye movement in these patients, and often they do not appear to know whether their eyes are stationary or exactly where they are fixated.
We did monitor eye position over the television screen, and it was clear that at least several of the patients did not move their eyes when cues were presented. These patients did not appear to give grossly different data than those who were noted as making many eye movements. However, it was difficult to determine with our methods how the eye movements that did occur were related to the cues. Therefore, we employed a condition in which the cue did not provide any information about where the target is likely to occur. In this case, patients could not use the cue to direct eye movements, nor could they make any other differential preparation based on knowledge of where a target was likely to be.
Six patients were run; one-fifth of the trials were neutral, while the remaining trials were the same as in the main experiment ("Materials and Methods"). In neutral trials, the central fixation box was brightened, and targets could occur with equal frequency on either side.
The data for these six patients are presented in Table  IV , which compares the neutral trials with invalid trials (from Table III ) for the same patients. These data are shown graphically in Figure 5 . The figure shows quite clearly that the neutral condition produces the same extinction-like reaction time pattern that was previously found for invalid trials. An analysis of variance of the data of Table IV showed significant differences of interval (F(3, 15) = 8.5, p < 0.01) and of target location by interval (F(3, 15) = 5.9, p < 0.01). There was clearly no effect of condition (invalid versus neutral) where F was less than 1. These data are quite clear in showing the full extinction-like reaction time pattern in the neutral trials that was found previously for the invalid trials. The neutral cue appears to serve two functions. First, it alerts the subject as to the impending target (warning signal function). However, both valid and invalid peripheral and arrow cues also provide a warning signal, but only invalid cues produce the extinction-like reaction time pattern. Second, the neutral cue serves to engage the patient's attention at fixation. It appears to be this function that is crucial to producing the extinction effect. This result is important. It confirms the arrow study by showing that the extinction-like reaction time effect does not depend on peripheral energy in the ipsilateral field that occurs at the same time or shortly before the contralatera1 target. It shows that the effects do not depend on the fact that the cued side is likely to get a target since in the neutral condition the cue provides no information about the location of the target. For the same reason this condition eliminates the possibility that the cue has its effect by directing the patient's eye movements toward the wrong field, since the cue is at fixation in this condition.
Anatomical
correlates.
The parietal patients show a large increase in reaction time to invalid trials contralatera1 to the lesion which is particularly strong at the short intervals between cue and target. This is the extinctionlike reaction time pattern. Posner et al. Vol. 4, No. 7, July 1984 In addition to the 13 parietal patients, these data are compared to seven control patients (three frontal and four temporal). These data show that the advantage in the validity effect for contralateral over ipsilateral targets is uniformly large for all right parietal patients, is positive for six of seven left parietal patients, and is positive for only one of seven control subjects. The data of the four temporal patients are displayed graphically in Figure 6 . This figure indicates that there are no important differences between ipsilateral and contralateral targets for either valid or invalid trials. However, they do confirm the usual effects of validity found in the parietal patients and normals for ipsilateral targets.
These data leave little doubt that the extinction-like reaction time pattern is characteristic of parietal patients and is not a strong property of all unilateral cortical lesions.
Right versus left.
A second anatomical question concerns the differences between the effects of right-and left-sided lesions. The analysis of variance of Table II supports the data shown graphically in Figures 2 and 3 indicating that patients with left lesions are faster, particularly on invalid trials contralateral to the lesion. This is strongly supported by the mean difference in the size of the validity effect at 50 msec (441 msec for right patients and 106 for lefts, see Table VI ). In general these data support the clinical observation (De Renzi, 1982) that right-sided lesions are more likely to produce neglect. However, with such a small number of patients and with problems of selection, it is difficult to be sure that the subjects are comparable. For example, Table II suggests that the right-sided lesions are somewhat larger, particularly in the parietal area. Moreover, the two leftsided patients showing the largest difference between ipsilateral and contralateral validity scores (see Table  VI and, thus, had bilateral involvement. Patient A. R. was tested rather soon after the stroke. While the patients with right-sided lesions seem to show uniformly large effects even when tested years after the lesion, we do not have a single patient with left-sided lesions who was tested a long time after a purely left lesion who had a powerful extinction-like reaction time pattern. The most convincing patient in this category was E. A. Fortunately, a right-sided patient, J. C., has a somewhat similar lesion to E. A. Thus, a comparison of the data of these two cases might be instructive (see Fig. 7 ). It seems clear from the data that both patients show the same overall pattern in which contralateral invalid trials are long; however, the effects in the right-sided patient are much stronger.
Neural system. The data we have presented argue that right parietal lesions produce the strongest extinctionlike reaction time patterns. These patients appear to show the same pattern whether the injury was induced by tumor or stroke, whether it is a new or old injury, and whether or not they were diagnosed as showing clear neglect. However, it is also clear that the lesions of our patients are not discrete lesions but large ones often extending far in the posterior (occipital lobe) and anterior (frontal lobe) directions. We divided our measures of the 12 scans into five categories (see Table II ). These were converted to rank orders. In addition, the same 12 patients were given ranks on the degree of their extinction-like reaction time pattern by ranking the differences between contralateral and ipsilateral validity effects at 50 msec. The five rank orders from the CT data and the \ , JC, Uncued, Figure 8 . Reaction times for patient J. L., who had a field cut as well as neglect. Targets at the standard 8" distance are simply not seen at all on cued or uncued trials (diamonds).
At 2" the extinction-like reaction time pattern is found. The solid line and solid circles are for uncued ipsilateral target, and the dashed line and open circles are for uncued contralateral targets.
behavioral ranks were then intercorrelated by rank order correlation coefficient, and the resulting correlation matrix is shown in Table VII . The behavioral measure correlated best with overall lesion size, percentage of parietal lobe, and percentage of superior parietal lobe, although only the percentage of the superior parietal lobe reached statistical significance p < 0.05. Since we have only 12 cases, these results are only suggestive, but our data indicate that the extinctionlike reaction time pattern is most highly related to the Vol. 4, No. 7, July 1984 extent of right superior parietal lobe damage. Left-sided lesions may also appear to produce the effect, although it may be smaller and shorter lasting.
Hemianopsia. Two of the patients in these experiments had clear evidence of field cuts (J. C. and J. L.). Both of these patients had lesions of the occipital lobe causing blindness in parts of the left visual field. In these cases we had to determine if there was a portion of the field at which sufficient vision could be obtained so that we could test the patient. Both patients proved to have sparing of vision within 2 to 3" of fixation. They could be tested by moving the cues and targets sufficiently close to the fovea on both sides that they responded well on valid trials. A comparison of trials for patient J. L. (see Fig.  8 ) illustrates the contrast in the pattern found within the hemianopic area (8" from fixation) and within the neglected area. The two conditions are quite discriminable in this type of testing. The results for J. C. were even more dramatic. Within the central 2", he showed equivalent reaction times on valid trials (see Table III ), but he was unable to respond to either valid or invalid trials for targets beyond 5".
In testing normal subjects, it has been shown that the facilitation effects from cueing can be obtained within the fovea as well as at eccentric peripheral positions. Apparently, posterior lesions may produce a combination of blindness in some portions of the visual field with a pattern of poor orienting of attention within parts of the field where vision is spared. The type of testing used here may improve our ability to understand the relationship between purely sensory effects on vision and those relating to central attentional systems.
Conclusions Elementary mental operations. In the introduction, we suggested that in the act of covert orienting three mental operations can be identified. These are disengaging from the current focus of attention, moving to the target, and engaging the target.
The first of these, disengaging from the current attentional focus, is a function of the depth of involvement in the current task (LaBerge, 1974) . It is not possible to observe the disengagement operation directly. However, we can compare the efficiency with which targets on either side summon attention in conditions in which the patient's attention has first been actively engaged elsewhere and in conditions where it has not. At the time a valid cue is presented, the patient is alert and waiting, but attention has not been engaged by a cue. We can ask how efficiently the cue summons attention to the ipsilatera1 versus the contralateral field. There is no significant interaction between the side of the cue and interval between cue and target. This means that cues on either side summon attention equally well. It might be argued that the relatively few short cue to target intervals (e.g., 50 and 150 msec) and the lack of a no-cue condition prevented us from finding such an interaction.
However, in a subsequent control study we measured reaction time to targets when no cue was presented. We found only slight differences between the two fields in this condition. As far as we can determine, the amount of improvement in reaction time from a cue over the first 150 msec following the cue is the same for the ipsilateral and contralateral fields. These symmetric benefits of valid cues can be contrasted with the marked differences in reaction time to ipsilateral and contralateral targets following an invalid peripheral cue, a central arrow cue, or a neutral cue. All three of these conditions produce a markedly greater reaction time on the contralateral side, particularly at short intervals. What is the difference between a valid peripheral cue, on the one hand, and the invalid and neutral conditions, on the other? The main difference appears to be that target detection in the invalid and neutral trials first requires that attention be disengaged from a location other than the target.
Perhaps some alternatives are possible. For example, one might believe that the patient shifts attention toward the ipsilateral field in all conditions other than when a cue comes from the contralateral field. This explanation does not predict the results in the arrow cue experiment. The central arrow pointing toward either field does produce a shift of attention toward that field. However, any central arrow valid or invalid appears to delay the attention shift toward the contralateral field as though it caused a brief engagement of attention at the center, thus increasing the difficulty of a contralateral shift. It is clear that the patients can use central and peripheral cues to shift attention to the correct location. Thus, we favor the disruption of the disengage operation rather than an effect on the movement operation (see below). However, it should be noted that the effect on disengagement is spatial, not general. That is, it occurs selectively for targets in the contralateral visual field. The movement of attention from a current focus to a new target position is a time-locked analogue mental operation. In studies of normal subjects using central cues, it was possible to show that low probability events introduced between fixation and the target location were facilitated in reaction time at intervals between presenting the cue and maximal facilitation at the target location (Shulman et al., 1979) . Tsal(1983) has provided evidence that distance between cue and target can be used to predict the time required to obtain maximal facilitation as though attention movements occurred at a rate of about 8 msecldegree. Thus, there appears to be a separable mental operation related to the movement of attention from its current focus to the target, although we do not know how this is accomplished physiologically. If parietal lesions affected this component, we would expect attention to move slowly to contralateral cues irrespective of the degree to which attention was engaged at its current focus. Since no such effects are found on valid trials, it appears that the parietal lesion is not slowing the attention movement. Moreover, there is no correlation between the efficiency of moving to a contralateral peripheral cue and the size of the extinction-like reaction time pattern. This gives more evidence that the parietal lesion affects are not on the movement operation.
These findings contrast markedly with those we previously reported for lesions involving the colliculus and surrounding midbrain areas (Posner et al., 1982) . The midbrain lesions slow orienting on both valid and invalid trials when they are in the direction in which the saccadic The Journal of Neuroscience Parietal Injury 1873 eye movement system has been most impaired. The finding of similar slowing on valid and invalid trials is quite different than what we find for parietal lesions and implicates the movement component as a major effect of the midbrain lesion. Allocation of the disengage operation to cortical control and the move operation to midbrain control would fit rather well with views of how cortical and midbrain systems cooperate to control eye movements and other bodily movements (Wurtz et al., 1980) . Our results suggest that purely cognitive functions may involve similar allocation of control to levels of the nervous system.
The final component of attention is engagement of the target after the attention movement is completed. This component can be measured by differences in the reaction time to contralateral and ipsilateral targets at sufficiently long intervals between the valid cue and target for attention to have moved to the target. On the average, reaction times to contralateral targets are longer, indicating overall interference with this component. However, two right parietal patients who show strong extinction-like reaction time patterns (C. W. and J. C.) show no difference in reaction time to left targets following valid cues. Thus, parietal damage sufficient to cause the extinction-like reaction time pattern need not affect the engagement component.
This finding is important because it relates to whether the parietal lobe should be regarded as the neural system most responsible for the efficiency of processing that we associate with attention. Since some parietal patients with large deficits in performance show complete ability to compensate for their deficit when attention is drawn to the contralateral side, we conclude that the improvement in performance associated with attention does not itself require an intact parietal lobe.
Of course, it is reasonable to expect that improvement in performance due to attending involves a complex neural network with many distributed locations (Mesulam, 1981) . Many views would predict an important role for frontal sites in this function. Our study indicates that the parietal lobe is particularly important for the operation of disengaging attention and of less importance once attention is correctly oriented toward a contralateral target.
Relation to cognitive studies. In our studies we used the efficiency of responding to a stimulus as a measure of the patient's attention being directed to the stimulus. How well does this measure capture our intuitive notion of attention? When people move their eyes to a stimulus, they improve the efficiency with which they process it by bringing the high acuity portion of the visual system to bear upon the stimulus. Similarly, a covert attention shift provides an efficient routing of the stimulus to centers responsible for awareness (as measured by the ability to make an arbitrary response, such as a key press). The results of our preliminary experiments seem to us to provide strong evidence for this view. When we left the target present for only 1 set, we found many invalid trials where patients failed to report contralateral targets. They were simply unaware of the presence of the target. It seems to us that this is exactly what one wants to mean by a failure of attention. We found that these misses were clearly related to the long delays that occur even when the interval between cue and target was increased. By leaving the stimulus present until a response, by using patients in better health, and by training, we found that most targets were reported, but the delays remained present. It seems to us that the delayed reaction times we find in the case of contralateral targets when attention is engaged elsewhere are a good measure of the effectiveness of the target in reaching the systems leading to awareness.
Support for this view also comes from studies in normals that have used either reaction time measures of attentional orienting (Posner, 1980; Jonides, 1981) or threshold measures (Bashinksi and Bachrach, 1980; Remington, 1980) . Both kinds of studies have shown that under threshold conditions unattended stimuli are simply not seen or reported, while in above-threshold viewing conditions reaction times are delayed. These findings argue that the delay in reaction time in these experiments indicates a delay in reaching systems that produce awareness of the stimulus by the usual criteria of reports based on arbitrary responses that we use for studies of humans.
Relation to neuroscience studies. How do our results fit with the findings of a parietal locus for attention-related cellular responses in alert monkeys (Mountcastle, 1978; Wurtz et al., 1980) ? In general, our anatomical measurements, as crude as they are, fit very well with a crucial role of the parietal lobe in orienting of attention. The main thrust of our results is to qualify the exact role they play. However, we have two related anatomical findings that need to be considered in relation to the monkey work. First, it appears that the attention-orienting system in the human may be asymmetric, in that right-sided lesions have greater effects. While this result is consonant with much clinical observation, such hemispheric differences do not appear to be characteristic of the monkey. Moreover, we had thought it likely that the clinical observations arose because the right hemisphere was responsible for the spatial representation of the outside world (Bisiach et al., 1979) rather than because the attention-orienting system was itself asymmetric. Thus, if our results had proven symmetric, we would have been inclinded to the view that the act of orienting was controlled equivalently by the two hemispheres but that the spatial organization of the outside world was primarily a right-sided function. However, at this point the data appear to support an asymmetry in the control of attentional orienting that favors the right side.
Our second result concerns the brain area most related to the extinction-like reaction time pattern we have observed. We find that the best anatomical correlate of this pattern is the extent of involvement of the superior parietal lobe (see Table VII ). While our results must be taken with caution because of the size and variability of the lesions involved, they may, at first, seem to conflict with the data from studies using single cell recording in the alert monkey which we cited earlier. However, the organizations of the parietal lobe in human and monkey are quite different. In his book on human cortex, Baraak (1980) labels as a mistake the idea that the inferior parietal lobule in humans corresponds to area 7 in the monkey. Rather, in the human areas 39 and 40 have 1874 Posner et al. Vol. 4, No. 7, July 1984 greatly enlarged (Ariens et al., 1967) and occupy much of the region that corresponds to the inferior parietal area in the monkey. The human has two distinct portions of the parietal lobe that have different gross structures. The superior parietal lobe according to Economo's classification (Critcheley, 1953, p. 39 ) has a structure distinct from that found in the inferior parietal and temporal lobe. According to this view, Brodmann's area 7 can be identified with the superior parietal lobe in humans (see also Critchley, 1953, Table 7, p. 41) . In studies of the visual system, it has been common to stress the similarity in neuroanatomy between human and infrahuman species. It may be important that as we move toward complex cognitive function, differences in the anatomical location and, perhaps, function of cortical structures will be more commonly found.
We believe that the simplicity of our behavioral assay and the relative quantitative precision by which we can time lock effects to cues and separate patterns of neglect and hemianopsia suggest important clinical implications of this research. It should be possible to assay the course of spontaneous recovery or direct therapeutic interventions with greater precision. Beyond the methodology, it seems to us that the ability to relate anatomical areas to elementary operations has both fundamental and applied importance. It should be possible to determine whether the neural tissue involved in disengaging attention in these spatial tasks is also used for other nonspatial operations. Such findings would advance our understanding of the brain's control of cognition. The ability of clinicians to associate an anatomical insult detectable in the CT scan with an elementary operation may permit a more rational clinical analysis of the resulting symptom complex.
